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(57) ABSTRACT 

Source and drain regions include regions of an epitaxial 
silicon ?lm on the surface of the substrate and regions in the 
substrate. The depth of junctions of the source and drain 
regions is identical to or shalloWer than the depth of junc 
tions of extension regions. As a result, even if the thickness 
of the side Wall layer is reduced, since the depletion layer of 
the extension regions With loWer impurity concentration 
compared With the source and drain regions is predominant, 
the short channel effect has a smaller effect. 

7 Claims, 8 Drawing Sheets 
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SEMICONDUCTOR DEVICE WITH 
SIDEWALL SPACERS AND ELEVATED 

SOURCE/DRAIN REGION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a semiconductor device such as 

Metal Oxide Semiconductor Field Effect Transistor 
(MOSFET) With a reduced siZe, and also relates to a method 
of manufacturing such a semiconductor device. 

2. Description of the Related Art 

FIG. 14 is a cross sectional vieW illustrating a conven 

tional MOSFET having an extension structure described, for 
example, in Silicon Processing for the VLSI Era Volume 2, 
Process Integration, page 354 to 356. In the literature, this is 
called as an LDD (Lightly Doped Drain) structure and has 
also been called in recent years as an extension structure 

along With increasing its concentration of impurities. In the 
?gure, reference numeral 1 denotes a p-type silicon sub 
strate; 2, a device isolation region; 5, a gate insulating ?lm; 
6, an n-type polysilicon gate electrode; 9, extension regions; 
10, side Walls; 13a, a drain region of source/drain regions; 
13b, a source region of the source/drain regions; 14, a depth 
of junction of the source/drain regions; 15, a depth of 
junction of extension regions; 16,17, silicide regions; 24, a 
depletion layer formed by the drain region; 25, a depletion 
layer formed by the source region. 
A device structure and a manufacturing method of MOS 

FET having the conventional extension structure are to be 
explained brie?y beloW. 
At ?rst, device isolation regions 2 for isolating active 

regions from the other ones are formed in the p-type silicon 
substrate 1. Boron, BF2 or the like as p-type impurity are ion 
implanted to form a Well (not illustrated). Then, a gate 
insulating ?lm 5 and an n-type polysilicon ?lm are deposited 
on the surface of the p-type silicon substrate 1. A gate 
electrode pattern is formed by photolithography, and etching 
is conducted using the pattern as a mask to form an n-type 
polysilicon gate electrode 6. 

Successively, phosphorus, arsenic or the like as an n-type 
impurity is ion implanted to form extension regions 9 in a 
self-aligned manner. Then, side Walls 10 are formed With a 
silicon oxide ?lm, a silicon nitride ?lm, or the like. 
Phosphorus, arsenic, or the like as an n-type impurity is ion 
implanted. Thereafter, heat treatment is applied to form 
n-type source/drain regions 13, Which are then salicided to 
form the silicide region 16 in the gate electrode and the 
silicide region 17 in the source/drain regions, thereby com 
pleting a main portion of MOSFET. 

For further improving the degree of integration of the 
transistor, it is necessary to reduce the siZe of individual 
MOSFETs and, as one of means for reducing the siZe, it is 
effective to reduce the thickness of the side Walls 10. 

HoWever, in the prior MOSFET, since the junction 14 of 
the source/drain regions 13 is deeper than the junction 15 of 
the extension regions 9 from the surface of the silicon 
substrate 1, the source/drain regions 13 cover the extension 
regions 9 entirely, decreasing the thickness of the side Walls 
10, as shoWn in FIG. 15. As a result, the depletion layer 24 
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2 
formed by the drain region 13a in?uences the source region 
13b. The interval betWeen the depletion layer 25 and the 
depletion layer 24 shortens from the distance 1 in the device 
structure With the thick side Walls 10 in FIG. 14 to the 
distance 2 in the device structure With the thin side Walls 10 
in FIG. 15, increasing the operation voltage of the MOSFET. 
Such a short interval easily produces the short channel 
effect. 

In vieW of the above, as a countermeasure, it may be 
considered to reduce the in?uence of the junction in the 
source/drain regions by making the depth of junction 14 of 
source/drain regions 13 shalloWer. HoWever, When the depth 
of junction 14 is merely made shalloW, since the entire 
thickness of the source/drain regions 13 is reduced, this 
results in the disadvantage of increasing the source/drain 
resistance. 

SUMMARY OF THE INVENTION 

This invention intends to reduce the siZe of the semicon 
ductor device by decreasing the thickness of the side Walls 
While preventing the disadvantage described above. 
A semiconductor device according to this invention com 

prises: a gate electrode formed, through a gate insulating 
?lm, on a substrate of a ?rst conductivity type; side Walls 
formed on both lateral sides of the gate electrode; extension 
regions formed by introducing and diffusing impurity of a 
second conductivity type on both sides of the gate electrode 
in the substrate and having a predetermined depth of junc 
tion from the surface of the substrate; and source/drain 
regions composed of both an epitaxial groWth ?lm selec 
tively groWn on the substrate of the both sides of the gate 
electrode and regions introducing and diffusing impurities of 
a second conductivity type beloW the epitaxial groWth ?lm 
having a depth of junction identical With or shalloWer than 
the depth of junction of the extension regions. This can be 
provide an effect of reducing the siZe of MOSFET as a result 
that the thickness of the side Walls can be reduced While 
keeping the excellent short channel effect and the loW 
source/drain resistance. 
A method of manufacturing a semiconductor device 

according to the invention has the steps of: forming a 
multi-layered ?lm so as to form a gate electrode on a 

substrate of a ?rst conductivity type and etching the multi 
layered ?lm to a predetermined pattern; forming side Walls 
on both lateral sides of the gate electrode; introducing and 
diffusing impurities of a second conductivity type on both 
sides of the gate electrode in the substrate and conducting 
ion implantation of impurities of the second conductivity 
type and heat treatment under predetermined conditions so 
as to form extension regions having a predetermined depth 
of junction from the surface of the substrate; selectively 
forming an epitaxial groWth ?lm by an epitaxial groWth 
method so as to form a portion of the source/drain regions 
on the substrate of both lateral sides of the gate electrode; 
conducting ion implantation of impurities of a second con 
ductivity type in the substrate beloW the epitaxial groWth 
?lm and heat-treating under predetermined conditions so as 
to form another portion of the source/drain regions having a 
depth of junction identical With or shalloWer than the depth 
of junction of the extension regions. This can provide an 
effect capable of ef?ciently manufacturing a semiconductor 
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device With reduced size of MOSFET While keeping the 
excellent short channel effect. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1—7 are cross sectional vieWs each illustrating a 

manufacturing method and a device structure of the semi 
conductor device of a ?rst embodiment of this invention. 

FIGS. 8 and 9 are cross sectional vieWs each illustrating 
a manufacturing method of the semiconductor device of a 
second embodiment of this invention. 

FIGS. 10—13 are cross sectional vieWs each illustrating a 

manufacturing method of the semiconductor device of a 
third embodiment of this invention. 

FIGS. 14 and 15 are cross sectional vieWs each illustrating 
a conventional semiconductor device. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Embodiment 1 
A?rst embodiment of this invention is to be explained. An 

n-type MOSFET (metal oxide Semiconductor Field Effect 
Transistor) is exempli?ed in the same manner as in the prior 
example. FIG. 1 to FIG. 7 schematically shoWs, With cross 
sections, the manufacturing method and the device structure 
of the n-type MOSFET according to the embodiment of this 
invention. 
At ?rst, as shoWn in FIG. 1, device isolation regions 2 are 

formed in a p-type silicon substrate 1. Boron, BF2 or the like 
as p-type impurity is ion implanted as shoWn at numeral 4 
through a pad oxide ?lm 3 on the surface of the silicon 
substrate 1 to form a Well, a channel cut region, and a 

channel region (not illustrated). Preferably, the acceleration 
voltage for the ion implantation upon forming the Well and 
the channel cut region, While depending on the species of 
implanted ions, is Within a range from 100 keV to 5 MeV, 
and the dosing amount is about from 1012 to 1015 cm_2. 
Preferably, the acceleration voltage for the ion implantation 
upon forming the channel region, While also depending on 
the species of the implanted species, is Within a range from 
5 keV to 50 keV and the dosing amount is about from 5><101O 
to 1012 cm_2. 

After removing the pad oxide ?lm 3, a gate insulating ?lm 
5, an n-type polysilicon ?lm for a gate electrode 6, a silicon 
oxide or a nitride ?lm 7 is deposited successively. Next, the 
gate electrode pattern is formed by photolithography and dry 
etching techniques, thereafter, the silicon oxide or silicon 
nitride ?lm 7 is etched using the pattern as a mask. Then, the 
n-type polysilicon ?lm and the gate insulating ?lm 5 are 
etched to form an n-type polysilicon gate electrode 6, as 
shoWn in FIG. 2. Successively, extension regions 9 are 
formed by ion implantation 8. Speci?c examples of 
implanted ion upon forming the extension regions 9 include 
n-type impurities such as arsenic, phosphorus and the like. 
Preferably, the acceleration voltage is Within a range from 
0.1 keV to 20 keV and the dosing amount is about from 1013 
to 1015 cm'2 While depending on the species of the 
implanted ion. Thus, the concentration of impurity in the 
extension regions 9 is loWer than that of the source/drain 
regions 13. 

After depositing a silicon nitride ?lm over the entire Wafer 
surface, side Walls 10 made of silicon nitride are formed by 
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4 
etching back (see FIG. 3). The side Walls 10 may be 
constituted With a silicon oxide ?lm, or a multi-layered ?lm 
of a silicon oxide ?lm and a silicon nitride ?lm. 

The thickness of the side Walls 10 at a portion in contact 
With the silicon substrate 1 should be at least a minimum 
thickness required for isolating the extension regions 9 from 
the source/drain regions 13 to be described later, that is, 
preferably, Within a range from 7.5 nm to 40 nm With a vieW 

point of reducing the siZe of individual MOSFETs. 
Then, an epitaxial silicon ?lm 11 is selectively groWn on 

the surface at Which the extension regions 9 are exposed (see 
FIG. 4). Such selective epitaxial groWth can easily be 
obtained by a conventional epitaxial groWth method, for 
example, a chemical vapor deposition (CVD) under super 
high vacuum, or loW pressure. From the vieWpoint of not 
making the source/drain resistance increase, the thickness of 
the epitaxial silicon ?lm 11 may suitably be about 10 nm or 
more. 

In the case of the CVD under super-high vacuum, an 
example of epitaxial groWth condition preferably includes a 
How rate of a disilane as a source gas of 1 to 10 sccm, a How 

rate of a chlorine gas required for selective epitaxial groWth 
of 1 to 10 sccm and a substrate temperature of 400 to 900° 

C. 
Although FIG. 4 shoWs a cross sectional vieW in Which 

the epitaxial silicon ?lm 11 is not groWn on the n-type 
polysilicon gate electrode 6, selective epitaxial groWth may 
be conducted after removing the silicon oxide or silicon 
nitride ?lm 7 on the n-type polysilicon gate electrode 6. In 
this case, an epitaxial ?lm may be groWn also on the n-type 
polysilicon gate electrode 6. Here, the deposited epitaxial 
silicon ?lm 11 may or may not contain impurities. Although 
the epitaxial groWth ?lm is made of silicon as described 
above, other IV group element or a mixture thereof, such as 
silicon/germanium and silicon/germanium/carbon, may be 
used as the material for the epitaxial groWth ?lm, and, 
further, a multi-layered ?lm comprising such material may 
be used for the same. Impurities may be contained or not 
contained in the ?lm like that in the case of using silicon 
alone. 

In the next step, for ion implantation of impurity to the 
n-type polysilicon gate electrode 6, the silicon oxide ?lm 7 
on the n-type polysilicon gate electrode 6 is removed by Wet 
etching using ?uoric acid (see FIG. 5). 

Successively, for forming source/drain regions 13 includ 
ing the epitaxial silicon ?lm 11 at a portion thereof, n-type 
impurity is ion implanted (see numeral 12), as shoWn in FIG. 
6. As the species for the implanted ions in the n-type 
MOSFET, the element that acts as n-type impurity in silicon, 
that is, arsenic, phosphorus or the like is used. Preferably, the 
acceleration voltage, While depending on the species of the 
implanted ions, is Within a range from 0.5 keV to 500 keV 
and dosing amount is preferably about from 5><1014 to 
5><1015 cm_2. 

Taking the effect of the impurity diffusion in the heat 
treatment to be described later into consideration, the accel 
eration voltage and the dosing amount upon ion implantation 
are controlled such that the depth of the junction 14 of the 
source/drain regions is identical With or shalloWer than that 
of the junction 15 of the extension regions 9 from the surface 
of the silicon substrate 1, as shoWn in FIG. 6. The source/ 
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drain regions 13 consists of both a region having the 
epitaxial silicon ?lm 11 on the silicon substrate 1 and the ion 
implanted and diffused region of the n-type impurities 
Within the silicon substrate 1, as described above. 

The impurities contained in both the extension regions 9 
and the source/drain regions 13 are thermally diffused by the 
heat treatment in the subsequent step (see FIG. 6). Each of 
the depth of junctions is de?ned as a distance from the 
surface of the silicon substrate 1 to a portion Where the 
impurity concentration is just 1018 cm_3. 

In the case Where the epitaxial silicon ?lm 11 is selec 
tively groWn With impurity ions and originally has 
impurities, the ion implantation step may be omitted. In this 
case, taking the distance along Which the impurities are 
diffused by the heat treatment in the subsequent step into 
consideration, conditions of ion implantation upon forming 
the extension regions 9 and heat treatment are controlled 
such that the depth of junction 14 formed by the diffused 
impurities is identical With or shalloWer than the depth of the 
junction 15 of the extension regions 9. 

Then, cobalt is deposited on the entire surface of the 
Wafer, thereafter silicide region is formed at a portion in 
contact With the epitaxial silicon ?lm 11, that is, the n-type 
polysilicon gate electrode 6 and the source/drain regions 13. 
After the unreacted cobalt is removed, a silicide region 16 is 
formed into the n-type polysilicon gate electrode 6. A 
silicide region 17 is also formed in the source/drain regions 
13 respectively and selectively (see FIG. 7). 

In the n-type MOSFET manufactured by Way of such 
steps, the in?uence of the depletion layer extending from the 
source/drain regions 13 is at a negligible level, since the 
depth of the junction 14 of the source/drain regions 13 is 
made identical With or shalloWer than that of the junction 15 
of the extension regions 9. As a result, the short channel 
effect is controlled by the depletion layers 18 formed by the 
extension regions 9. Since the impurity concentration of the 
extension regions 9 is loWer than that of the source/drain 
regions 13, the short channel effect is improved outstand 
ingly compared With the case Where the depletion layer of 
the source/drain regions 13 is predominant. 

Furthermore, in the device structure of this embodiment, 
since the problem caused by the source/drain resistance 
described later can be avoided by the presence of the 
epitaxial silicon ?lm 11 groWn on the surface of the silicon 
substrate 1 even When the thickness of the side Walls 10 is 

decreasing compared With the prior device structure, the 
depth of the source/drain regions 13 from the surface of the 
silicon substrate 1, that is, the depth of junction 14 of the 
source/drain regions can be formed at level shalloWer in the 
silicon substrate 1 than that of the conventional device 
structure. Accordingly, the degree of extension of the deple 
tion layer formed by the source/drain regions 13 is outstand 
ingly decreased compared With that of the conventional 
device structure having the deep source/drain regions. As a 
result, the device structure of this embodiment has a remark 
able effect that the short channel effect is dif?cult to occur 
compared With the conventional device structure in spite that 
the thickness of the side Walls 10 is thinner. 

In the conventional device structure, When the depth of 
junction of the source/drain regions 13 is only made 
shalloWer, a problem of increasing the source/drain resis 
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6 
tance is caused. HoWever, in the structure of this 
embodiment, since the epitaxial silicon ?lm 11 groWn on the 
silicon substrate 1 also operates effectively as a portion 13 
of the source/drain regions, the source/drain resistance 
decreases by so much. Accordingly, the thickness of the side 
Walls 10 can be reduced by adopting such a device structure, 
Which is effective for the micro-fabrication of MOSFET. 

The above explanations have been made to an example of 
an n-type MOSFET; hoWever, it is applicable also to p-type 
MOSFET. 
Embodiment 2 

In place of using salicide process in the ?rst embodiment, 
as shoWn in FIGS. 8 and 9, a method of forming an epitaxial 
silicon ?lm 11, and second side Walls 19 on the side Walls 
10 and then conducting salicidation to form silicide regions 
16, 17 in both the n-type polysilicon gate electrode 6 and the 
epitaxial silicon ?lm 11, respectively is also effective. 

Advantages of forming the second side Walls 19 is to be 
explained. 
The epitaxial silicon ?lm 11 is only groWn on the source/ 

drain portion by selective epitaxial groWth. HoWever, 
depending on the epitaxial groWth condition, the epitaxial 
silicon ?lm is often deposited partially to a portion upon the 
sideWalls 10. When salicidation is conducted in this state, 
the epitaxial silicon ?lm deposited on a portion upon the side 
Walls 10 is also silicided. Furthermore, the deposited ?lm is 
extended over the side Walls 10 and in contact With a portion 

upon the n-type polysilicon gate 6 to possibly result in a 
disadvantage of causing short circuit betWeen the n-type 
polysilicon gate electrode 6 and the source/drain regions 13. 

After forming the epitaxial silicon ?lm 11, When second 
side Walls 19 are formed on the side Walls 10 (see FIG. 8), 
short circuit betWeen the n-type polysilicon gate electrode 6 
and the source/drain regions 13 can be prevented because no 
epitaxial silicon ?lm can be formed thereon after salicidation 
(see FIG. 9) in vieW of the step, Which provides an effect 
capable of stable forming excellent MOSFETs for micro 
fabrication. 
Embodiment 3 
A manufacturing method and a structure of MOSFET 

according to a third embodiment are to be explained. In the 
manufacturing method, since steps shoWn in FIG. 1 for the 
?rst embodiment are identical, subsequent steps are 
explained With reference to FIGS. 10 to 13. 

After removing the pad oxide ?lm 3 from the Wafer, a gate 
insulating ?lm 5 is deposited. Then, a metal or silicide 
conductor ?lm 20 and a ?lm comprising a silicon nitride ?lm 
and/or a silicon oxide ?lm 21 are successively formed, 
thereafter, a gate electrode pattern is formed by photolithog 
raphy and dry etching techniques. The ?lm 21 is dry etched 
using the pattern as a mask. Next, the metal or silicide 
conductor ?lm 20 and the n-type polysilicon ?lm are etched 
to form an n-type polysilicon gate electrode 6‘. Then, exten 
sion regions 9 are formed by ion implantation 8. The 
conditions of ion implantation are identical With those in the 
?rst embodiment. 
The metal or silicide conductor ?lm 20 used as a portion 

of the n-type polysilicon gate electrode described above may 
include a ?lm, for example, composed of tungsten, cobalt, 
copper, aluminum, nickel, molybdenum or silicides thereof, 
or a multi-layered ?lm constituted With materials thereof. In 

addition, same effects can also be provided When the gate 
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electrode is composed only of the conductor ?lm 20, besides 
the tWo-layer composition of the polysilicon ?lm 6‘ and the 
conductor ?lm 20. 

After depositing a silicon nitride ?lm over the entire 

surface of the Wafer, side Walls 10 made of silicon nitride, 
are formed by etch back technique (see FIG. 11). The side 
Walls 10 may be constituted With a silicon oxide ?lm, or a 
multi-layered ?lm of a silicon oxide ?lm and a silicon nitride 
?lm. 

Then, an epitaxial silicon ?lm 22 and a tungsten ?lm 23 
are selectively deposited successively on the exposed sur 
face of the extension regions 9 (see FIG. 12). This can be 
achieved by the same conventional epitaxial groWth method 
as in the ?rst embodiment, that is, CVD under super-high 
vacuum or a chemical vapor epitaxial groWth method under 
loW pressure. As the thickness for the epitaxial silicon ?lm 
22 and the tungsten ?lm 23 of such extent Which does not 
increase the source/drain resistance, it is 5 nm or more for 
the epitaxial silicon ?lm 22 and 5 nm or more for the 

tungsten ?lm 23. For the epitaxial silicon ?lm 22, impurities 
may or may not be incorporated like that in the ?rst 
embodiment. Furthermore, the material to be deposited may 
contain, in addition to silicon, other IV group element such 
as silicon/germanium or silicon/germanium/carbon, or it 
may be a multi-layered ?lm comprising the materials 
described above. For the impurities of the ?lm, they may or 
may not be contained like that in the case of using silicon 
alone. It Will be apparent that same effect can be provided 
When the conductor ?lm 23 is made of cobalt, copper, 
aluminum, nickel, molybdenum or silicides thereof instead 
of tungsten. Ion implantation is carried out as illustrated at 
numeral 12 to form source/drain regions 13 in the silicon 
substrate 1 to complete a semiconductor device Which cross 
sectional vieW is shoWn in FIG. 13. 

The advantages obtained by adopting such a constitution 
Will be explained. For reducing the gate electrode resistance 
or the source/drain resistance of MOSFET, it is preferred to 
use a conductor ?lm made of a metal to a portion of each of 

the gate electrode, and the source/drain regions. 
Accordingly, the device structure of the third embodiment 
has an advantage of further reducing the gate electrode 
resistance and the source/drain electrode resistance to 
improve the device characteristic compared With that of the 
?rst embodiment. 

Referring to the cross sectional shape of the device 
structure of the second embodiment shoWn in FIG. 9, the 
silicide region 16 is exposed to the surface on the n-type 
polysilicon gate electrode 6. On the contrary, in the cross 
sectional shape of the device structure of the third 
embodiment, that is, the device structure shoWn in FIG. 13, 
the ?lm 21 comprising only the silicon nitride ?lm or the 
silicon oxide ?lm and the silicon nitride ?lm is formed on 
the gate electrode. 

Generally, in MOSFET, an interlayer insulating ?lm is 
deposited on the Wafer and, optionally, a contact layer is 
formed after forming the gate electrode, to electrically 
connect the Wiring on the interlayer insulating ?lm and 
transistors beloW the interlayer insulating ?lm, in Which a 
structure of a self-aligned contact (SAC) is often adopted. 
When the SAC structure is applied, if the position of the 
contact layer to be disposed on the source/drain regions is 
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8 
displaced and in contact With the n-type polysilicon gate 
electrode 6‘, etching can be stopped at the ?lm 21. Therefore 
electric short circuit betWeen the contact layer and the n-type 
polysilicon gate 6‘ can be prevented. This is because the 
interlayer insulating ?lm is generally constituted With an 
oxide ?lm, as a result, makes it possible to adopt a so-called 

selective etching technique of etching only the silicon oxide 
?lm and scarcely or not etching the ?lm 21. 

To obtain the SAC structure having such an excellent 

feature, it is necessary that the ?lm 21 comprising only the 
silicon nitride ?lm or the silicon oxide ?lm and the silicon 

nitride ?lm are previously formed to a portion upon the 

n-type polysilicon gate electrode 6‘. Because the conductor 
?lm 20 such as made of tungsten has to be used. 

The constitution of the conductor ?lm 20, exempli?ed by 
the tungsten ?lm, for both of the n-type polysilicon gate 6‘ 
and the portion 23 of the source/drain regions have been 
explained above. It Will be apparent that the effect of 
reducing the electric resistance of the n-type polysilicon gate 
electrode 6‘ and of the source/drain regions 13 can be 
produced satisfactory at all in the combination of using a 
tungsten ?lm for the n-type polysilicon gate electrode 6‘ and 
a silicide region for a portion of the source/drain regions. 

What is claimed is: 
1. A semiconductor device comprising: 

a gate electrode and a gate insulating ?lm sequentially 
disposed on a surface of a substrate, the substrate 
having a ?rst conductivity type; 

side Walls on both lateral sides of the gate electrode; 

extension regions having a second conductivity type, 
located on both sides of the gate electrode; in the 
substrate, and having a junction depth relative to the 
surface of the substrate; and 

source and drain regions including both 
an epitaxial ?lm on the surface of the substrate on both 

sides of the gate electrode and 
regions having the second conductivity type, located 

Within the substrate, contiguous to the extension 
regions, extending along interfaces of the epitaxial 
?lm and the surface of the substrate, and having a 
junction depth no deeper than the junction depth of 
the extension regions. 

2. The semiconductor device as de?ned in claim 1, 
Wherein junctions of the source and drain regions With the 
extension regions are separated from junctions of the exten 
sion regions With the semiconductor substrate by at least 10 
nm. 

3. The semiconductor device as de?ned in claim 1, 
Wherein the epitaxial ?lm comprises at least one element 
selected from the group consisting of silicon, germanium, 
and carbon, and combinations thereof. 

4. The semiconductor device as de?ned in claim 1, 
Wherein the epitaxial ?lm comprises a ?rst epitaxial ?lm 
including at least one element selected from the group 

consisting of silicon, germanium, and carbon, and combi 
nations thereof, and a second ?lm on the substrate compris 
ing a thin conductive ?lm including at least one selected 

from the group consisting of tungsten, cobalt, copper, 
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aluminum, nickel, and molybdenum, a silicide of tungsten, 
cobalt, copper, aluminum, nickel, and molybdenum, and 
combinations thereof. 

5. The semiconductor device as de?ned in claim 1, 
including a suicide region in at least the epitaxial ?lm and a 
portion of the gate electrode. 

6. The semiconductor device as de?ned in claim 1, 
Wherein a portion of the gate electrode comprises a ?lm 
including at least one selected from the group consisting of 

10 
tungsten, cobalt, copper, aluminum, nickel, and 
molybdenum, a silicide of tungsten, cobalt, copper, 
aluminum, nickel, and molybdenum, and combinations 
thereof. 

7. The semiconductor device as de?ned in claim 1, 
Wherein the side Walls in contact With the substrate have a 
thickness Within a range of 7.5 nm to 40 nm. 


